Structure and ligand binding properties of leucine 29(B10) mutants of human myoglobin.
Site-specific mutants of human myoglobin (Mb) have been prepared, in which Leu29 (B10) is replaced by Ala(L29A) or Ile(L29I), in order to examine the influence of this highly conserved residue in the hydrophobic clusters of the heme distal site on the heme environmental structure and ligand binding properties of Mb. Structural characterizations of these recombinant Mbs are studied by electronic absorption, infrared (IR), one- and two-dimensional proton nuclear magnetic resonance spectroscopies, and ligand-binding kinetics by laser photolysis measurements under ambient and high pressures (up to 2000 bar). Multiple split carbon monoxide (CO) stretch bands in the IR spectra of mutant Mbs exhibit a relative decrease of the 1945 cm-1 band (approximately 50%) which is associated with an upright binding geometry of CO, accompanied by an increase of the tilted CO conformer at 1932 cm-1. On the basis of these results, replacement of Leu29(B10) by Ala or Ile appears to allow bound CO to rotate from a conformation pointing toward the beta meso carbon of the heme group to the one pointing toward the alpha meso carbon atom, presumably filling the space left by removal of the delta 2 carbon atom of Leu29(B10). These substitutions cause the rate constants for CO and O2 association to decrease almost 3-5-fold. Present results show that CO and O2 bindings to the heme iron of Mb are controlled by Leu29(B10) by influencing the structure of close vicinity of the heme and the geometry of iron-bound ligand. Further, mutant Mbs (Leu72(E15)----Ala and Leu104 (G5)----Ala) which have altered residues in another hydrophobic clusters around proximal and distal site are also examined.